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WE KNOW : 
-  Higher precision of tumor 
targeting 
-  Lower integral dose 
-  Reduced risks of side-effects 
-  Reduced risks of radiation-
induced cancer 
WE WONDER : 
 
-  Therapeutic advantage of 
protons over photons ? 
Bases of the project (II) 
4 Bases of the project (III) 
Head and Neck Squamous Cell Carcinoma 
(HNSCC) 
WE KNOW : 
-  Higher precision of tumor 
targeting 
-  Lower integral dose 
-  Reduced risks of side-effects 
-  Reduced risks of radiation-
induced cancer 
WE WONDER : 
 
-  Therapeutic advantage of 
protons over photons ? 
5 HNSCC: VEGFC protein induction following multiple irradiation 
Conclusion 1: 
VEGFC expression as well as cell 
aggressiveness are increased after 
irradiation, but induction is less 
important after proton than after 
photon irradiation. 
P h o t o n s a n d p r o t o n s h a v e 
differential effects on HNSCC cells. 
6 What about brain and pediatric tumors? 
Spinal cord 
Medulloblastoma 
Cerebellum 
Medulloblastoma (MB) 
WE KNOW : 
-  Higher precision of tumor 
targeting 
-  Lower integral dose 
-  Reduced risks of side-effects 
-  Reduced risks of radiation-
induced cancer 
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protons over photons ? 
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7 Objectives of the work in Medulloblastoma (MB) 
Question: Is the HNSCC response to irradiation 
generalizable to other types of tumors? 
SHH Grp 3 
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Pulsed Protons (PP) 
Beneficial therapeutic effect of PP over P and over X ? 
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2. Tumor angiogenesis and 
tumor growth 
3. Tumor 
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VEGFD 
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9 State of the art: Lymphangiogenesis in cancer 
Adapted from Duong et al, 2012, J. Oncol. 
VEGFC is one of the main actors of tumor lymphangiogenesis 
1.  Tumor at  
     early stage 
 
2. Tumor angiogenesis and 
tumor growth 
3. Tumor 
lymphangiogenesis 
4. Lymphatic 
metastasis 
VEGFC 
VEGFD 
VEGFA 
10 State of the art: Lymphangiogenesis in cancer 
Adapted from Duong et al, 2012, J. Oncol. 
Neo-lymphangiogenesis: main route for tumor metastasis 
VEGFC is one of the main actors of tumor lymphangiogenesis 
11 State of the art: Brain lymphatic vessels 
(collaboration F. Burel-Vandenbos ; Hôpital Pasteur) 
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SHH patient Metastatic patient Metastatic patient 
* 
The most severe MB present vessel-like structures:  
lymphatic vessels? 
Expression of podoplanin in MB patient’s tissue 12 
Main question 13 
Role of VEGFC axis and lymphangiogenesis 
 
in post-irradiation MB aggressiveness? 
3. Tumor 
lymphangiogenesis 
4. Lymphatic 
metastasis 
2. Tumor angiogenesis 
and tumor growth 
1. Tumor at 
early stage 
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Irradiation : high level of VEGFC in cells 
ELISA assay 
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Irradiation : high level of VEGFC in cells 
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Cell proliferation ELISA assay 
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VEGFC limits MB cell proliferation 
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Irradiation lowers cell aggressiveness via high level of VEGFC 
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Conclusion 2: 
In MB, reference treatment (photontherapy) 
results in a rise in VEGFC expression and 
production.  
Opposite to other tumors, this higher 
VEGFC level does not translate into an 
increase in tumor aggressiveness. 
 
What are the effects of proton irradiation? 
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2 Gy resistant  8 Gy resistant  
Assessment of cell viability (5 days after irradiation) 
27 
WT 0G
y 
X 8
 G
y
PB
E 8
 G
y
PH
E 8
 G
y
0
20
40
60
80
100
120
C
el
l v
ia
bi
lit
y 
(%
) 
Daoy
HD-MB03
*** **
***
**
**
WT 0G
y 
X 2
 G
y
PB
E 2
 G
y
PH
E 2
 G
y
0
20
40
60
80
100
120
C
el
l v
ia
bi
lit
y 
(%
) 
Daoy
HD-MB03
***
2 Gy resistant  8 Gy resistant  
Daoy  0 Gy 
1000 µm 
Daoy  X 8 Gy 
1000 µm 
Daoy  PBE 8 Gy 
1000 µm 
Daoy  PHE 8 Gy 
1000 µm 
Assessment of cell viability (5 days after irradiation) 
28 
WT 0G
y 
X 8
 G
y
PB
E 8
 G
y
PH
E 8
 G
y
0
20
40
60
80
100
120
C
el
l v
ia
bi
lit
y 
(%
) 
Daoy
HD-MB03
*** **
***
**
**
WT 0G
y 
X 2
 G
y
PB
E 2
 G
y
PH
E 2
 G
y
0
20
40
60
80
100
120
C
el
l v
ia
bi
lit
y 
(%
) 
Daoy
HD-MB03
***
2 Gy resistant  8 Gy resistant  
Daoy  0 Gy 
1000 µm 
Daoy  X 8 Gy 
1000 µm 
Daoy  PBE 8 Gy 
1000 µm 
Daoy  PHE 8 Gy 
1000 µm 
Assessment of cell viability (5 days after irradiation) 
29 
Conclusion 3: 
Photon and proton irradiation exert 
different effects on MB cell viability 
depending of subgroup. 
High and low energy proton irradiation 
also exert different effects on the same 
subgroup of MB cells. 
 
30 
Perspectives: 
A n g i o g e n i c , l y m p h a n g i o g e n i c , 
immunogenic characteristics of each 
population of cells? 
 
Relative aggressiveness of these cells 
fo l lowing these three types of 
irradiation? 
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Contact: 
 
Sonia MARTIAL  
 
sonia.martial@univ-cotedazur.fr 
 
Thank you ! 
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From Sainz-Jaspeado M and Claesson-Welsh L (2018) Current Opinion in Immunology 53:58-63 
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From Hillen and Griffioen, 2007, Cancer Metastasis Rev.26:489 
Medulloblastoma: X-ray irradiation effect on “lymphomimicry” 
  
37 Model 1: Squamous cell carcinoma 
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Medulloblastoma: Lymphangiogenesis genes and tumor group 
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